certainly full consideration of a function which might later tum out to be of inestimable value to the child,. and of great importance to society as a whole.
Earlier in the history of the operation of tonsillectomy,one, of the authors of this article had expressed himself as believing that the. preservation of the function of the depressor palatal muscles, and so of the capabilities of voice development following tonsillectomy, was dependent upon carefulness and delicacy of technic in the performance of the operation. But in spite of the recent great advances made in respect to technic, the deformities of the throat following tonsillectomy are giving no certain indication of diminishing. While undoubtedly they may be aggravated by crudeness of technic, or by lack of operative skill, yet these deformities evidently are preventable neither by manner of operation nor by delicacy of technic. Dr. Makuen has forcibly pointed out cases of deformity of serious importance occurring in the hands of the most skillful operators.! The authors of this article can emphasize these observations from cases which they also have studied. In individual instances one may, by studying the end results of operations which he knows to have been done with great care and with great delicacy as to technic, witness a most surprising resulting picture of throat deformity.
In the systematic examination of tonsillectomized throats, one has it forced upon him that in most instances something has resulted to the throat besides the mere removal of a tonsillar mass. Not in all, but in a very large proportion, there is presented quite an altered anatomic picture. The relative regularity of this picture of deformity is of itself alone a most striking fact, and sufficient of itself to indicate the probable existence of a definite function of the tonsil with reference to the lower palatal muscles. If such a definite functibn exists, one would expect the deformities which resulted from total extirpation of the tonsil to present a certain tendency to uniformity in the manner of impairment of the action of the palatoglossus and palatopharyngeus muscles, and this uniformity to be directly traceable to the deprival of these muscles of a definite accomplishment with reference to their action performed previous to operation by the removed tonsil.
The authors are well aware of the incompleteness of the following study. They especially regret that up to this time they have not been able to obtain a cadaver upon which the anatomic results of tonsillectomy could be studied. But in spite of incompleteness they feel warranted in presenting their findings at this time, if for no other reason than that others may be encouraged to take up the subject for further study. The manner of presentation of the matter in hand will be to discuss, first, the relationship of the tonsil to each of the depressor palatal muscles as shown by anatomic study; second, to point out the presumptive effect of depriving either muscle of the aid of the tonsil, and, third, to tabulate the corresponding facts as observed on tonsillectomized throats.
In the throats studied anatomically, we find only minor variations in the relation of the tonsils to the pillar muscles. Whether important variations may at times occur would require dissection of many throats. We have dissected five tonsils. From the standpoint of the investigation in question the extirpated tonsil is deceptive, since such a tonsil, if its capsule and mucous membrane covering remain intact, is by the action of these coverings bunched into a ball-like mass. In the throat, however, the border of what may well be called the floor of the tonsil-i. e., that part which lies against the lateral wall-tends to flatness, and may be tucked into narrow places where narrow padding is required. This floor presents definite border limitations, excepting below, where it becomes a part of the fascia bearing that part of Waldeyer's ring of lymphatic tissue which passes downwards into the laryngopharynx. Above and anteriorly the curved border of the floor parallels essentially the palatoglossus muscle. Following the border from below upwards, it lies between the palatoglossus and the superior constrictor, but drops below the palatoglossus as the latter approaches the soft palate.
The border curves downward at the palate and then parallels the edge of the palatopharyngeus at a short distance from this edge until the muscle enters the body of the pharyngeal wall. The attachments of the capsule to the palatopharyngeus are relatively short, and as one 'passes downwards into the laryngopharynx they become so short that separation is often impossible without bringing away muscle fiber. The floor of the tonsil spreads itself out over the superior constrictor, from which it is separated by a loose areolar tissue. The relation of the tonsil to this tissue is one of contiguity rather than of continuity; and yet, in one tonsil of the five examined, a thin, broad plate of connective tissue passes downwards along the inner surface of the superior constrictor and, overlapping the outer surface of the capsule of the tonsil, merges into its structure. In that one case the impression is directly given that the tonsillar capsule constitutes an~laboration of the intrapharyngeal aponeurosis, as is believed by Descomps, Patterson, Makuen and others. The impression is fully confirmed as one follows the capsule into the laryngopharynx, where its direct continuation unquestionably does become the intrapharyngeal aponeurosis. Removal of the capsule exposes the bared surfaces of palatoglossus and palatopharyngeus muscles, and often also of the superior constrictor, exactly as muscles are exposed more posteriorly and lower down by removal of the aponuerosis. Moreover, the elaboration of the tonsil into a structure having for its purpose the direction and protection of muscle structures, as shall be seen later, is characteristic of intermuscular connective tissue everywhere in the body. And yet, considering lymphatic tissue and capsule together, this elaboration has become so complex and purposeful as to constitute an organ of itself, a combined connective tissuelymphatic tissue, pad-like organ, for certain definite purposes having to do on its physical side with the complicated muscular movements of this region.*
RELATION OF THE TONSIL TO THE PALATOGLOSSUS MUSCLE.
The palatoglossus muscle is in the cases examin'ed small and relatively delicate, although, according to Dr. Makuen,2 it becomes large in singers. It passes in a slightly outwardly bowed course from the side of the soft palate, downwards and forwards to its insertion at the side of the posterior part of the mouth portion of the tongue. Its position at the side of the throat is chiefly determined by its close attachment throughout its course to the under surface of a bridge of mucous membrane constituting the covering of the anterior pillar. The *In this article, for reasons of simplicity, we have not attempted to differentiate the relative part played by the capsule of the tonsil and the lymphatic tissue in the physical purposes accomplished by the tonsil.
bridge-like character of this layer of mucous membrane is due to its passage over from the lateral wall of the throat onto the surface of the tonsil, where it either merges indistinguishably into the mucous membrane covering the surface of the tonsil, or else ends in a fairly well defined border on the surface of that mucous membrane. ( Figure L ) It is to be carefully noted that this bridge of mucous membrane depends on the tonsil for its inner support. ( Figure II, A, B .) Dissecting up this bridge of mucous membrane one finds the palatoglossus closely attached to its under surface. Between the palatoglossus and the inner surface of the lateral wall is a small irregular unoccupied space, bounded below by the upper anterior border of "the capsule of the tonsil, and above by the bridge of (removed) mucous membrane. To the outside is a loose fascia covering the inner surface of the superior constrictor. The anterosuperior border of the capsule (with its accompanying lymphatic tissue) presses upwards from below into this bridged space so as to be, to a greater or lesser degree, between the palatoglossus and the superior constrictor muscles. It is attached to the palatoglossus quite closely by short strands of connective tissue, while to the superior constrictor the connecting bands are longer. Thus the palatoglossus muscle is encas.ed in a canal determined by the superior constrictor, the capsule of the tonsil and the mucous membrane bridge. Its direction of action is governed chiefly by the outward attachment of the bridge of mucous membrane, which prevents the muscle to a certain degree from straightening. towards the lumen of the throat as it becomes shortened in action. The upper anterior border of the tonsil serves to protect the muscle from direct contact with the superior constrictor, especially during the relatively violent movements of swallowing and retching.
As one approaches the soft palate, since the muscle approaches more closely to the lateral wall of the mouth, this bridge of mucous membrane becomes narrower. Here the capsule of the tonsil does not rise so high as to lie between the palatoglossus and the lateral wall.
The dependence of the palatoglossus on the tonsil may be understood when we consider the situation of the muscle with PHYSICO MECHANICAL FUNCTION OF THE FAUCIAL TONSIL. 867 the tonsil removed. ( Figure III , A, B.)' Not only has the inner support to the bridge of mucous membrane been removed, but with it also the border of the tonsil which separated the palatoglossus from the superior constrictor muscle. The layer of mucous membrane supporting the palatoglossus has now, while still bearing the muscle, been transformed into an overhanging ledge. Nature's delicately cO)11plex plan for obtaining a perfect action of the muscle has been rudely undermined. The muscle is now in much the same predicament as a ship with a hopelessly injured rudder in a stormy sea and lying in the midst of a jagged rocky shore. The muscle, like the ship, is destined to be seriously shaken at the best, since its perfection of action cannot be hoped for excepting under essentially natural aiding conditions. The degree of the impairment of its function will depend on the strength of the mucous membrane ledge, on the extent of the dropping of the ledge from its former position, on the formation of scar tissue in and upon the muscle, and on the place and extent of adhesions formed between the muscle or ledge and the outer wall.
With the expanding effect of the tonsil removed, the breadth and outward curve of the superior constrictor diminishes (a process which is aided by the contraction of scar tissue) ; thus the perfection of action of the superior constrictor must be at any rate to some degree impaired.. If the ledge of mucous membrane be both narrow and stiff, and if it lie in a favorable direction, these conditions may possibly save the muscle from the rocks of adhesion against the outer wall, even though the muscle cannot be saved from the inevitable scar tissue contraction and the retraction resulting from the almost inevitable sagging of the ledge. ( Figure IV, A 
By reason of the lack of supportive capability of the ledge of mucous membrane, or by reason of reparative or inflammatory swelling following the operation of tonsillectomy, or by reason of the traumatisms resulting from the violence of the movements o.f swallowing and retching, or by reason of these influences combined, contact between this mucous membrane ledge and the outer wall is apt to result in permanent adhesion. This adhesion might be slight or heavy, might extend over a small portion of the linear coures of the ledge, either anterior or posterior, or might be complete, in which last case the palatoglossus would be lost in an adherent linear scar throughout its entire course. In case of partial adhesion a part of function of the muscle would be retained. Adhesion posteriorly in the vicinity of the soft palate would be more serious to the function of the palatoglossus than adhesion anteriorlyor even near the middle of its course. If adhesion occurred to the palate, and should a part of the function of the muscle be retained, nevertheless the direction of even the partial action remaining would be so extremely altered outwardly as to be relatively ineffective; and, even worse, if resulting scar tissue pulled too hard, the neighboring palatopharyngeus might be pulled with the soft palate over against the outer wall. The exit of the palatopharyngeus muscle from the soft palate occurs in close vicinity to, indeed is nearly identical with, the place of exit of the palatoglossus; but the two muscles upon emerging from the palate begin at once to diverge the one from the other. The size of the angle of divergence of these muscles is of considerable importance and varies approximately from thirty to fifty degrees. The palatopharyngeus is, relatively to the palatoglossus, a much larger and stronger muscle. It is flattened anteroposterioJly to a fan-like shape, and, extending at its lateral borders to the outer wall, serves as a continuation of the general surface of the soft palate downwards on each side. It passes downwards and backwards to a point opposi.te the base of the tongue, where it merges into the general muscular ma:;s coursing along the ante-rolateral surface of the pharynx. In this study we shall not attempt to follow the muscle in its lower pharyngeal and laryngeal relations.
The tonsil appears to serve the palatopharyngeus in two important respects. In order to appreciate the first of these one should realize the thinness and feebleness of the bared curtain of muscle, as well as the fact that the lateral attachments of the muscle are fixed, while its central attachments in the soft palate are to a certain degree movable. The capsule of the tonsil lies against the lateral wall and curving inwards lies also against the anterior surface of the palatopharyngeus muscle. (Figure X. ) Thus the muscle is, as it were, braced with reference to the lateral wall, and thus is fixed in position; otherwise its thinness of structure would cause it to be liable, if subjected to undue muscular stress or to the pulling of inflammatory scar tissue, to' sag towards the outer wall. With the tonsil removed the palatopharyngeus inevitably becomes endangered from any force, whether muscular or contraction of~car tissue, pulling the muscle in either direction. Should this lateral displacement result in close adhesions to the outer wall, not only might the muscle be impaired in its action or even be entirely prevented from functionating, but more important still, the palate might be so closely held down as to prevent its upward movement on phonation, in which case a permanent nasalized voice, due to operative rhinolalia aperta, would inevitably result.
The second purpose served by the tonsil to the palatopharyngeus is protective. This protection is most important at two points. The first of these is at the angle formed by the palatoglossus and palatopharyngeus as they emerge from the palate. Here the tonsil with its mucous membrane covering insinuates itself into the depths of this angle, thus preventing adhesion between the two muscles. Tonsillectomy by removing this protection'exposes the muscles to the danger mentioned. The second point at which the protection of the muscle is especially important to the palatopharyngeus is the point of passage of the muscle into the pharyngeal wall. Here pharyngeal surface and muscle necessarily are in close association. If the tonsil were absent, either traumatic or inflammatory lesions would be much more likely to produce impairing injury to the muscle.. In the operation of tonsillectomy, to remove the tonsil from the palatopharyngeus to this low point involves danger of adhesion, from injury to the tissues (for the capsule is here quite closely adherent) and from the inevitable scar tissue even without such injury. The danger is emphasized when one notes that the same phenomenon of adhesion occurs at this point in a mild degree 'not uncommonly through inflammatory processes, even in nontonsillectomized throats. In so far as the layer of mucous membrane which curves from behind the posterior pillar around its free border -870 ELMER L. KENYON AND W. T. KRADWELL. on to the anterior surface of the-pillar and so on to the surface of the tonsil is well preserved, will it help to perform the protective work of the tonsil; and its preservation, as has been remarked by others, is important.
Summarizing now the function of the tonsil with reference to the action of the depressor palatal muscles, as indicated anatomically, we find with reference to the palatoglossus muscle:
1. The tonsil plays with contiguous structures a necessary' .part in the creation of a channel for the muscle which determines its location, length, direction of action, and protection against injury through movement of adjacent muscles. If the tonsil be extirpated the muscle is left suspended beneath. a thin ledge of mucous membrane, which, being unsupported at its inner border, is liable to the following fates: (1) Slight or moderate contraction and retraction of the ledge in both a lengthwise and a lateral direction; (2) marked retraction in a lateral direction, possibly without adhesion; although adhesioil is very likely to occur, in which case there results (3) marked retraction with partial adhesion, either (a) anteriorly, or (b) posteriorly; or (4) adhesion to the lateral wall throughout its linear course.
With reference to the palatopharyngeus the tonsil plays a part less vital, to be sure, than that played for the palatoglossus, but nevertheless a part of great importance. Especially is this true in view of the larger size of the muscle and its im-. portant relation to the larynx. With the palatoglossus extirpation of the tonsil must result, at any rate theoretically, unless in cases of exceptional anatomy, in impairment of the action of the muscle, which usually must be serious in degree, and must often reach total disability. On the other hand (not considering injury due to scar tissue at the surface of the muscle r the seriousness of which we are unable at this time to estimate), serious impairment to t!Je action of the palatopharyngeus following tonsillectomy, would result only through di~ect operative injury to its fibers, or through the dragging of the weakened muscle out of place by the pulling of an 'adherent anterior pillar, or by the pulling of scar tissue, or by being tied down by adhesions, or by any two, or by all of these factors combined. (Figure XI, A. ) Extirpation of the tonsil might result (1) in the sagging of the palatopharyngeus towards the outer wall; (2) in moderate adhesions at its point of entrance into the pharyngeal wall; (3)\ in marked adhesion to the lateral wall, thus largely .incapacitating the muscle; (4) in the adhesions so dragging on the soft palate as to prevent its being raised against the pharyngeal wall for phonatory purposes. STUDY OF TONSILLECTOMIzED THROATS.
We have carefully observed the tonsillect<}mized results in forty-three persons. The ages-run from two to forty years; the operators number more than a dozen, most of them thoroughly experienced.. We have tabulated the results according to the findings for each of the eighty-three tonsils operated. One factor which in tonsilleCtomy would inevitably tend to produce impairment in the action of the muscles concerned, that of the scar tissue formed on the bared surface of·-muscles, could not be estimated without microscopic study of tonsillectomized throats, and consequently -has not been taken into ·consideration. The tabulation of the end results of tonsillectomy is as follows:
1. Neither the palatoglossus nor palatopharyngeus muscle shows more than slight retraction-i. e., both muscles appear essentially normal on both sides of the throat; three individuals ; seven per cent.
2. Moderate retraction of the mucous membrane ledge (palatoglossus) in a lateral direction without evident adhesion; partial impairment of action of muscle; fifteen tonsils; eighteen per cent.
3. Marked retraction of the mucous membrane ledge (palatoglossus) in a lateral direction, but without evident adhesion; considerable impairment of muscle; seventeen tonsils; twenty-one per cent. (Figure VII.) 4. Marked retraction of the mucous membrane ledge (palatoglossus) in a lateral direction, with adhesions (a) anteriorly; decided impairment of muscle; five tonsils; six per cent ( Figure VII) ; and (b) posteriorly; total incapacitating of muscle; thirteen tonsils; fifteen per cent. (Figure VIII. ) 5. Adhesion of the mucous membrane ledge (palatoglossus) throughout its entire linear extent; total incapacitating of muscle; twenty-four tonsils; twenty-nine per cent. (Figure  IX.) 6. Palatopharyngeus appears normal or nearly normal; sixty-three tonsils; seventy-four per cent.
7. Slight or moderate pulling of palatopharyngeus towards lateral wall with adhesion; partial impairment of muscle; eleven tonsils; thirteen per cent. (Figure XI, B.) 8. Marked adhesion of the palatopharyngeus to the lateral wall; decided anq possibly total incapacitation of the muscle; six tonsils; seven per cent. (Figure XI, A.) It seems conservative to say that following tonsillectomy the palatoglossus and palatopharyngeus muscles are never wholly normal in their action. A striking fact concerning the appearance of the pillars in nontonsillectomized throats is a certain ease and freedom of movement, due to the provision of an abunchmt amount of tissue, allowing for full, easy range of action. This picture in tonsillectomized throats is altered for one of deficiency of tissue and tenseness of action.
The agreement of the findings above of the results of tonsillectomy, with the anatomic indications of the function of the tonsil with reference to the depressor palatal muscles, need hardly be pointed out. Anatomically the tonsil seems vital to the action of the palatoglossus; and in the tonsillectomized throats, the muscle is found to be to the eye practically normal in only eighteen per cent, impaired in forty-five per cent, and totally incapacitated in thirty-nine per cent. Anatomically the tonsil appears important to the perfection of action, though not vital to the function, of the palatopharyngeus, and in the tonsillectomized results it is found normal to the eye in seventyfour per cent, and impaired in nineteen per cent.
It has seemed to us best in this article to confine ourselves to the one question of the part played by the tonsil in the action of the depressor palatal muscles. The all important question of the danger of tonsillectomy to the voice, whether the speaking or the singing voice, necessarily is closely involved in the matter under discussion. The subject of the voice in this connection is, however, far from simple, and too important to be casually dealt with. It goes without saying that one who undertakes an operation necessarily so hazardous to the action of the depressor palatal muscles, as indicated by the findings just reported, is playing with fire so far as the voice, and especially the singing voice, is concerned. We feel that it might create a wrong impression, however, if we did not at any rate tabulate the voice cases included in the above list of tonsillectomized throats.* Speaking voice apparently unimpaired: thirty-eight individuals, eighty-eight per cent; speaking voice showing rhinolalia aperta (open nasaling), due apparently to marked tension exerted on the soft palate by close adhesions of the palatopharyngeus to the lateral wall: three individuals; seven per cent; speaking voice impaired, but apparently not due to the operation: two individuals, five per cent; singing voice impaired (as to high pitched notes only): one individual, two and five-tenths per cent. It should be added that in two individuals (five per cent) a "drawing sensation" in the tonsil region was present; the sensation in one case, a young woman of twenty-two years with much scar tissue, was highly annoying. SUMMARY AND CONCLUSIONS.
1. The tonsil serves as an absolutely necessary factor in providing a channel for the action of the palatoglossus muscle.
2. The function of the tonsil with reference to the palatopharyngeus is to afford support and protection of great importance to its normality of action.
3. Tonsillectomy serves to destroy not merely a possible lymphatic function of the tonsil, but also to either disturb or destroy an important physicomechanic function, one which is capable of being clearly understood.
4. More or less impairment of action of the depressor palatal musCles must occur in practically all cases following tonsillectomy, regardless of the delicacy of operative technic or the particular form of operative procedure adopted; but delicacy of procedure and method of operation are not, of course, to be considered unimportant. 5.. To consider the present operation of tonsillectomy as a final settlement of the operative approach to the tonsil is pre-·We have left out of consideration entirely one case of badly injured palate with marked impairment of the speaking voice; the case 1s highly suggestive, however, of the dangers to the voice from so difficult and radical an operation in the hands of the untrained. e, anterosuperlor border of capsule of tonsil: se., superior constrictor muscle; MMB, a section of thp "mucous membrane bridge," which plspwhprp in thp drawing has been removed. Figure II, A 
